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ABSTRACT 
An offshore oil platform can be defined as a large structure used to house workers 
and machinery needed to drill and then to produce oil and natural gas wells in the 
ocean. Platform usually consists of few modules such as drilling module, power 
generation module, gas lift module and etc. Normally, an oil platform consists of a 
central processing platform and few satellite platforms. This document defines the 
simulation for power system of an offshore platform. The study will be done based 
on Mel or Lahor Tangga Barat gas field, ML TTB platform. Offshore structures and 
installation design requires highest consideration because any disruption may 
jeopardize safety of personnel and can cause equipment failure which will cause a 
lot of money and maintenance. This document outlines the factors needed to be 
considered in preparing a power system, equipment sizing and configuration, short 
circuit analysis and also motor starting study. The simulation will be done using 
electrical power transmission and distribution system software called EDSA. 
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1.1 Background of stndy 
Offshore installations are for industrial oil processing plants that operate in highly 
corrosive and humidity environments. Interruption in the operations such as power failure 
can cause production loss and will also jeopardize lives of personnel. Therefore in platform 
system design, a lot of considerations need to be taken. 
Power system should be safe to operate, reliable and also energy sufficient. Short 
circuit studies were run to confirm that buses, switchboards, motor control centers (MCC), 
transformers and feeder cables would operate within their short circuit ratings and to 
determine the short circuit of all bus. The system was modeled based on the electrical 
overall single line diagram ofMLTTB platform (11]. 
A motor starting study is prepared in order to analyze the transient effect of the 
system's voltage profile during motor starting. The system loading for the motor starting 
study will be accordance with the voltage drop study [10]. 
In the electrical system design, distribution and protection studies of the overall 
system shall be considered as well. Fault in power generation or distribution will affect the 
operation of a platform, Emergency total shutdown will cause major disruption and will 
affect the cause ofthe project. 
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1.2 Problem statement 
Offshore structures can be designed for installation in protected waters, in the open 
sea, many kilometers from shore lines. The design and analysis of offshore platform must be 
done taking into consideration many factors including the environmental parameters, soil 
characteristic, technical standard regulations and intensity level of consequences of failure 
[14). 
The equipment selection will depend on the hazardous area classification and the 
installation should be safe, reliable and requires minimum maintenance. Interruptions to 
production caused by equipment failure are costly and its maintenance is complex. The 
levels of electricity demand and available generating capacity are important, and both are 
influenced by many factors [ 15]. 
Basically, factors to be considered in designing optimum generation system are its 
reliability, adequacy and economically. Distribution and protection studies of the overall 
system need to be considered. Fault in power generation or distribution will influence the 
operation of a platform and shutting down the operation will effect the production and cost 
of the project. 
A fault is a disruption in the normal flow of electricity, which can occur if a 
conducting object falls across one or more phases of live equipment. This is known as a 
short circuit. When a short circuit occurs, increasing current rushes toward the location of 
the fault from contributing motors and generators. High levels of current and voltage cause 
the air to ionize resulting in an arc flash of electricity, and incident energy is released. The 
purpose of a short circuit study is to determine how much current is available during a fault. 
A short circuit study simulates a worst case (three-phase) fault at every possible location and 
gives the available current that result [16). 
Starting large motors can cause disturbances to the motor and other loads on other 
buses. In the worst cases the starting motor may stall and be unable to start the driven load. 
One of the most common side effects of starting large motors is a serious voltage dip on the 
buses throughout the facility. This voltage dip will cause other motors to slow down; in 
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severe cases other motors may reach the stall point causing a domino effect to the voltage 
drop. Control relays may not hold and auxiliary equipment may be affected. In addition to 
these secondary effects the life of all motors on the system may be shortened. Ideally a 
transient motor starting study should be preformed which shows a time/voltage waveform 
for the motor bus. Motor starting studies should be performed prior to the ordering of large 
motors, such that the motor can be installed with confidence that the motor's life and 
applications performance will be satisfactory and the remainder of the power distribution 
system will not be adversely affected [23]. 
In designing the electrical power generation, we need to first produce the load analysis 
to know the expected load to be used in the platform. This is essential especially in sizing 
the equipment. Load analysis is produced based on the information from other disciplines 
such as the mechanical, structural, instrument and process. Studies need to be done to 
determine the number of equipment needed in order for the platform to operate optimally. 
The number of generating sets to be installed and their individual ratings depend on the 
maintenance requirement, economic size and reliability and availability. 
1.3 Objective and scope of study 
The objectives of the project are outlined as below: 
I) To understand power system configuration and analysis by conducting research on 
power system fimdarnental and design requirements. 
2) To familiarize with the methods involved in preparing short circuit and motor 
starting study for the oil and gas industry. 
3) To perform short circuit and motor starting calculation manually and make 
comparison with the results obtained in EDSA software. 
The scope of study can be sununarized as review on the basic of electrical system 
installations for an offshore platform including the power system simulation based on the 
demand of facilities. The power system analysis will cover short circuit analysis and motor 





2.1 System design requirements 
The design of the electrical power generation and distribution systems shall be based 
on good engineering practice and internationally accepted national standards and shall 
provide [13]: 
• Safety to personnel during operation and maintenance of the platforms. 
• Reliability and continuity of service of electrical systems to ensure maximum 
production of gas and condensate. 
• Energy efficient power distribution and utilisation. 
• Ease of operation, minimum manning and minimum maintenance of equipment. 
• Continuous central monitoring of platform power systems and automatic protection 
of electrical equipment. 
• Remote control facility. 
• Fail-safe features for safety-related controls. 
• Standardization of components for maximum interchange ability and minimal spare 
stockholding. 
• Ease of future additions to the loads and extensions to existing facilities. 
To ensure that the electrical supply is economical and has minimum risk of failure, a supply 
network must have: 
• Adequate power to cope with the highest possible load. 
• Provision of surplus power and distributing equipment capacity. 
• Switchgear, transformers and cables are capable to carry the maximum short circuit 
fault currents and operate continuously in most rough conditions. 
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• A protective system capable of isolating faulty equipment with minimum of 
interference to the rest of the network and with minimum possible damage. 
2.2 Power system design and equipment selection 
Power system analysis mainly deals with the fundamentals of electrical systems which 
focus on power generation, transmission and distribution. 
• Power generation - 6.6 kV HV turbine generator 
- 400 V LV diesel generator 
- 400 V LV microturbine 
• Distribution - 6.6 kV HV switchgear 
-6.6 kV/0.42 kV distribution transformer 
- 400 V LV switchboard 
-400VMCC 
• Consumer - Uninterruptible Power Supply 
- Distribution board 
- Lighting and small power outlet 
The power systems shall be designed to meet the objective, primarily safety to 
operating and maintenance personnel, reliability and continuity of power supply for 
maximum production and energy-efficient operation. In the design of electrical system there 
are few important factors need to be considered. 
2.2.1 Regulations 
Petronas Technical Standard (PTS) is a guideline used in all PETRONAS offshore as 
well as onshore operation. They are based on the experience obtained during the 
involvement with the design, construction, operation and maintenance of processing units 
and also facilities. PTS is also made in reference of the national and international standards 
and codes of practice. 
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2.2.2 Hazardous area. 
There are three main sources of ignition in industrial electrical equipment, which are 
hot surfaces, electrical sparks, friction and impact sparks. To ensure that the electrical 
equipment does not become a source of ignition, there are four principles involved [13]: 
• Explosive mixture can penetrate the item of electrical equipment and be ignited. Measures 
are taken to ensure that the explosion cannot spread to the surrounding atmosphere. 
• The item of equipment is provided with an enclosure that prevents the ingress of a 
potentially explosive mixture and I or contact with sources of ignition arising from the 
functioning equipment. 
• Potentially explosive mixture can penetrate the enclosure but must not be ignited. Sparks 
and temperatures capable of causing ignition must be prevented. 
• Potentially explosive mixture can penetrate the enclosure but must not be ignited. Sparks 
and temperatures must only occur within certain limit. 
Basically, conditions in hazardous area are divided into 3 parts which are gases 
vapors, dusts and methane dusts. For gas vapors, if the flammable substances is present 
continuously or for long periods, the area is classified as zone 0, if it is likely occur in 
normal operation occasionally, it is known as zone 1 and if it is not likely to occur in normal 
operation but if it does occur for a short period only, it is classified as zone 2. Same goes 
with dusts substances, zone 20 if it is present continuously or for long period, zone 21 if it is 
likely occurs in normal operation and lastly zone 22 if it is not likely to occur in normal 
operation but if it does occur, will be for short period only. 
Electrical equipment enclosure shall be selected based on the location of the 
equipment to provide adequate protection to the equipment and it shall also continuously 
provide safety and sufficient access to operators for operation and maintenance activities. 
As a minimum, electrical equipment for installation in process area shall be certified to 
Zone 2, Gas Group IIA, Temperatures Class T3 (unless otherwise stated) and shall be 
selected in accordance with IEC 60079 - 'Electrical Apparatus for Explosive Gas 
Atmosphere' or equivalent CENELEC Standards. All equipment selected for hazardous area 
shall be certified preferably by certifying authorities such as BASEEF A or other 
independent internationally recognised authorities [13]. 
6 
All outdoor located equipment enclosures exposed to the atmosphere shall be weather 
proof, water proof and protected against ingress of dust. The enclosures shall have a 
minimum ingress protection of IP 56. Electrical equipment certified for use in hazardous 
areas shall carry the EEx code and Ex symbol. A certificate of conformity shall be furnished 
for electrical apparatus used in Zone 0, I and 2 hazardous areas [13]. 
2.2.3 Environmental and design conditions 




185 km offshore east coast of Peninsular Malaysia 
Tropical marine, humid, corrosive and salt-laden 
36°C - Maximum 
20°C- Minimum 
36°C Design Amb. Temperature 
Relative humidity I 00% - Maximum 
Wind velocity 40 meters/second (tropical cyclone) (I minute mean) 
Design Conditions 
Outdoor 
Electrical Design Temperature 
Design Relative Humidity 
Degree of Ingress Protection 
Indoor (Air-Conditioned Environment) 
Electrical Design Temperature 
Design Relative Humidity 









2.2.4 Main power supply 
In the Oil & Gas industry and other industrial applications, power is generated by 
electric generators using, as prime movers, gas turbines, steam turbines, or reciprocating 
engines. Turbo-expanders are also used for power generation where a gas under pressure is 
expanded for process reasons, or made available for power recovery. The type of power 
generation will be selected depending on the requirement of the facilities. Centralized power 
generation and distribution can maximize the system's reliability and improves its safety. 
Below are few ways to generate power: 
a) Rotating turbines - Attached to electrical generators produce most commercially 
available electricity. Turbines are driven by a fluid which acts as an intermediate energy 
carrier. The fluids typically used are: 
• Steam - Water is boiled by nuclear fission or burning of fossil fuels. 
• Water- Turbine blades are acted by flowing water, produced by hydroelectric dams 
or tidal forces. 
• Wind- Generates electricity from naturally occurring wind. 
• Hot gases - Turbine are driven directly by gases produced by combustion of natural 
gas or oil. 
b) CCVT (closed -cycled vapour turbogenerator) 
c) Submarine cable - The two main concerns are high cost installation and the material 
that will be used. 
d) Diesel generator - combination of a diesel engine with an electrical generator (often 
called an alternator) to generate electric energy. 
e) HVDC (high voltage direct current) - Requires large conversion from DC to AC, 
therefore it is not suitable to be used in offshore platform. 
f) Solar panel - Although it is environmentally save, it is only practical for small power 
distribution usage. 
Based on the study done on each power source, the gas turbine generator is 
recommended due to its higher availability, reliability and maintenance flexibility than the 
other power generators. 
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2.2.5 Power transmission and distribution. 
Include the studies for power distribution equipment like transformer, switchgear, 
switchboard etc. 
a) Distribution transformer - Transfer electrical energy from a primary distribution 
circuit, to a secondary distribution circuit, or within a secondary distribution circuit, or 
to a consumer's service circuit. Synchronizing and switching facilities usually 
provided to allow momentary paralleling of transformers so that any transformer can 
be taken out of service without interrupting the power system. 
b) High voltage switchgear - Consist of vacuum circuit breakers (VCB) for generator 
incomers, bustie and for transformer feeders, while for motor starters and other 
outgoing circuits, it consists of fused vacuum contactors (VCU). 
c) Low voltage switchboard- To provide the switching flexibility and to service the large 
400V AC loads. 
2.2.6 Cable system 
All power (both high voltage and low voltage), control and lightning cables shall be of 
the low smoke zero halogen (LZSH) type with stranded higb conductivity copper 
conductors and cross-linked polyethylene (XLPE) insulation except fire-resistant low 
voltage power, control and lighting cables which shall have ethylene-propylene rubber 
(EPR) insulation instead. Cable shall be sized according to the thermal rating under site 
conditions, prospective fault current and its duration, and voltage drop, whichever are the 
limiting conditions [13]. 
2.2. 7 Emergency Power Sources 
The electrical load analyses are categorized as continuous, intermittent and standby 
load. The definitions of the above criteria are based on criticality of the equipment installed 
[13]. 
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i) Continuous loads: All loads that required continuously operate on the platform at 
normal operation mode. This is critical load that may jeopardise the process operation 
in case there is any electrical power outage or shutdown 
ii) Intermittent loads: All process and utility loads required for normal operation but 
neither operating simultaneously or continuously. The load will operate on the process 
demand or need as a supplementary to the duty unit in order to boost up the 
operational system. 
iii) Standby loads: All loads required when the duty (continuous) system are under 
maintenance program or during abnormal condition. Act as a replacement to the duty 
load. 
The emergency diesel generator is installed to provide electricity during emergency 
(to vital loads) and black start conditions. A vital service is safety-related. The failure of the 
service during operation or when failing if called upon can cause major damage to the 
installation. The energy source, lines of supply and the equipment performing a vital service 
shall be duplicated. Vital loads include: 
• LQ life support loads. 
• Emergency lighting and escape lighting. 
• Safety pressurisation and ventilation systems. 
• AC UPS systems. 
• Potable water supply system. 
• Compressed air system. 
2.3 Platform operation philosophy 
TBCP-A platform comprises of 3 x 6 MW gas turbine generators 6.6 kV, 50 Hz, 3 
phase generators. Two units of the gas turbine generators are capable in operating with 
either fuel gas/ diesel fuel in case of gas supply disruption. Generated electrical power will 
then be fed into 6.6 kV switchgear for main power distribution of6.6 kV loads (II]. 
For the low voltage system, four transformers are installed. Transformers are rated 2.5 
MV A, 6600/420 V. These transformers are divided into two separate 400 V low voltage 
10 
system with 2xl 00%. The buses of the switch board will be linked using Automatic 
Transfer Switch Logic ATSL which is normally closed. 
For emergency vital loads and black start purpose, emergency diesel generator 1500 
kW ( 1875 kVA), 400 V, 50 Hz, 3phase is installed. The emergency diesel generator is 
connected to an Air Circuit Breaker which is open during normal condition. On detection to 
a dead bus, emergency diesel generator will automatically start. 
2.4 Power system analysis 
2.4.1 Short circuit analysis 
When a short circuit occurs, a high fault current will flow from source to fault 
point which leads to dissipation of thermal energy and mechanical damage to 
installations. Two common factors causing short circuit condition are failure of 
insulation within equipment and wrong connection of termination [27]. All electrical 
systems are vulnerable to short circuits and the abnormal current levels they create. 
Therefore, it's important to protect personnel and equipment by calculating short circuit 
currents during update and design (3]. 
The protection for an electrical system should not only be safe under all service 
conditions but, to insure continuity of service, it should be selectively coordinate as well. A 
coordinated system is one where only the faulted circuit is isolated without disturbing any 
other part of the system. Once the short circuit levels are determined, the engineer can 
specify proper interrupting rating requirements, selectively coordinate the system and 
provide component protection [8]. 
A short circuit study is basically performed to: 
· Calculate the fault current at various locations in the plant. 
· Ensure power system components can withstand mechanical and thermal stresses that 
occur during a fault. 
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- Specify the ratings of the equipments for future expansions. 
- Improve the reliability of the system. 
Circuit breakers and fuses come with an over current rating (or size), and a short 
circuit interrupting rating. The over current rating specifies the amount of electrical current 
the device should tolerate without the fuse blowing, or circuit breaker tripping. The short 
circuit rating is the maximum electrical current the device can tolerate before it fails [6]. 
To provide the required protection, we must determine the extent of short circuit 
current at various points of our power distribution system. This determination requires a 
calculation. We must calculate the maximum 3 phase fault current the breaker will be 
required to interrupt. This current can be defmed as the short circuit current available at the 
terminals of the protective device. We can assume that 3 phase short circuits are bolted or 
have no impedance. In addition, a 3 phase short circuit can be considered a balanced load, 
which means we can use a single phase circuit to analyze one of the phases and the neutral 
[3]. 
Distribution equipment, such as circuit breakers, fuses, switchgear, and MCCs, have 
interrupting or withstand rating defined as the maximum rms values of symmetrical current. 
A circuit breaker cannot interrupt a circuit at the instant of inception of a short circuit. 
Instead, due to the relay time delay and breaker contact parting time, it will interrupt the 
current after a period of five to eight cycles, by which time the DC component will have 
decayed to nearly zero and the fault will be virtually symmetrical [3]. 
2.4.1.1 Characteristics of short circuit 
i) Sources of fault current 
Fault current basically comes from rotating electric machinery, usually in the form of 
synchronous generators, synchronous motors and condensers, induction machines, and 
electric utility systems. The magnitude of fault current from these sources is limited by the 
impedance between the machine and the fault itself. 
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As a synchronous generator has a prime mover and an externally excited field, its 
fault current will continue unless interrupted by some switching means, Synchronous motors 
and condensers supply current to a fault in much the same way as synchronous generator, 
however, their fault current diminishes as their magnetic fields decay. Induction motor limit 
current is generated by inertia that is driving the motor in the presence of a field flux, which 
is produced by induction from the motor's stator [I]. 










ii) The basics 
A balanced 3 phase fault implies that all three phases of the power system are 
simultaneously short circuited to each other through a direct or bolted connection. Although 
the probability of this happening is small, relative to the probability of other types of 
unbalanced fault occurring, we still use a balanced 3 phase fault for a short circuit study for 
the following reasons [I]. 
a) Often, a 3 phase fault produces the larges short circuit current magnitude; thus this worst 
case result is then used as the basis to select the short circuit capabilities of switchgear from 
the manufacturer's tables. 
b) Short circuit calculations are simplest for a balanced 3 phase fault because symmetry of 
the fault connection permits us to consider only one of the three phases. 
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r"' TOTAl ASYMMETRtCAL. CURRENT 
Figure 2.1: Short circuit current components 
This figure shows the short circuit current to be made up of two components: 
a) The symmetrical alternating current component. 
b) The direct-current component which decays with time 
This total current as pictured is called the "asymmetrical current". The root mean 
square (rms) value of the asymmetrical short circuit current waveform is the basis for the 
selection of the short circuit capabilities of circuit breakers and fuses. Calculation of the 
precise rms value of an asymmetrical current at any time after the inception of a short circuit 
may be very involved. Accurate decrement factors to account for the DC component at any 
time required, as well as factors for the rate of change of the apparent reactance of the 
generators. This precise method may be used, if desired, however simplified methods have 
evolved whereby the DC components is accounted for by the simple multiplying factors. 
These multiplying factors convert the rms value of the symmetrical AC component 
(symmetrical rms current) into rms current of the asymmetrical waveform, including the DC 
component (asymmetrical rms current or short circuit current duty) [I]. 
2.4.1.2 Method of calculation 
Short circuit calculation shall be prepared by means of theoretically or using digital 
computer utilizing a commercially available software package. In this paper work, basic 
point to point procedure will be considered. In order to determine the fault current at any 
point in the system, first draw a one line diagram showing all the sourced of short circuit 
current feeding into the fault, as well as the impedances of the circuit components. 
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To begin the study, the system components, including those of the utility system are 
represented in the diagram. The impedance tables include three phase and single phase 
transformers, cable and busway. These tables can be used if information form the 
manufacturers is not available. 
It must be understood that short circuit calculations are performed without current 
limiting devices in the system. Calculations are done as though these devices are replaced 
with copper bars, to determine the maximum available short circuit current. This is 
necessary to project how the system and the current limiting devices will perform [8]. 
The application of the point to point method permits the determination of available 
short circuit currents with a reasonable degree of accuracy at various point for either 3phase 
or I phase electrical distribution system. The result obtained can be compared to the result 
from digital computer software in order to analyze the accuracy [8]. 
Computer based software 
The study calculates the maximum short circuit current at the various points 
throughout the system. The chosen software is EDSA Electrical Power System Design and 
Simulation Software. EDSA's Short Circuit Analysis program delivers a first-of-a-kind 
solution to allow power system specialists to calculate the short circuit current based on 
IEEE or IEC standards. The Short Circuit Analysis program has integrated EDSA' s 
Protective Device Evaluation (POE) program for checking the interrupting capabilities of 
the switching devices, such as CBs, fuses, and switches. EDSA's Short Circuit Analysis 
program is a very powerful and proven tool for electrical engineers, having been proven in 
demanding, real-world applications and in precise software testing based on long hand 
calculation. Both 3-phase and single-phase networks can be modeled, and any type of fault 
can be simulated: 3P, L-L, L-L-G, L-G. Only EDSA Short Circuit Analysis program 
calculates sliding faults, an important feature for impedance protection operation or for 
calculating the L-G faults needed for towers grounding [9]. 
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Some of the program features are listed below: 
• Unlimited bus simulation (50,000+). 
• IEEE and IEC standards; 
• 3-phase and single-phase network on the same model. 
• All types of faults: 3P, L-L, L-L-G, L-G: solid faults or via an fault impedance, 
• Integrated Protective Device Evaluation (PDE) program. 
• Short circuit current calculation inside MCC schedule. 
• Considering the lines mutual couplings. 
• Sliding faults and series faults. 
• Program fully integrated with electrical one-line diagram. 
• Flexible, fast and accurate. 
• Flexible selection offaulted bus, directly on the one line diagram or text driven selection. 
• User-defmed groups of faulted buses. 
• Fault at all buses or selected buses- user defined. 
• Online back annotation or customized text output report. 
• Fast and reliable solution technique. 
• Easy-to-use and results are at a glance as per user selection. 
• Comprehensive monitoring of the bus short circuit results. 
The short circuit study that will be done comprised of the following steps: 
I) Data collection - Information on all the components is obtained from electric utility, 
vendors or calculated from field data. 
2) Single line diagram - A power system diagram that show how all components are 
electrically connected. Additional data needed for the study such as cable impedances 
can be obtained with information from this diagram. 
3) Computer analysis - Using EDSA software, the system data is input and the short 
circuit currents at various points in the system are calculated. 
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2.4.2 Motor starting study 
A motor starting study is perfonned to determine the voltages, currents, and starting 
times involved when starting large motors. Such a study is critical before installing a large 
motor to make certain that your system can start the motor successfully. It may also be 
perfonned anytime a change in the power supply is implemented [23]. In general, a motor 
starting study should be made if the motor's horsepower exceeds approximately 30% of the 
supply transfonners base kVA rating. !fa generator is supplying the motor, use 10 -15% of 
the generator kVA rating. Motor starting studies can vary from basic voltage drop on the 
system to a detailed wavefonn presentation of motor bus voltage, motor speed and motor 
torque, acceleration torque, load torque, power factor, rotor and stator currents, motor slip, 
real, reactive and total power [23]. 
A motor starter is an electrical or electronic circuit composed of electro mechanical 
and electronic devices which are employed to start and stop an electric motor. Regardless of 
the motor type (AC or DC), the type of starters differ depending on the method of starting 
the motor. Two most common starting methods are Direct On Line (D.O.L) method and soft 
starting method. A D.O.L starter connects the motor tenninal directly to the power supply. 
Hence, the motor is subjected to the full voltage of the power supply. Consequently, high 
starting current flows through the motor [21]. A soft start method starts the motor at lower 
voltage and slowly ramping up to operation voltage [23]. 
2.4.2.1 Direct-On-Line start (D.O.L) 
This method of starting is by far the most common starting method available in the 
market. The components consist of only a main contactor and thennal or electronic overload 
relay. The disadvantage with this method is that it gives the highest possible starting current. 
A nonnal value is between 6 to 7 times the rated motor current but values of up to 9 or I 0 
times the rated current exist. During a direct on line start, the starting torque is also very 
high, and is usually higher than required for most applications. The torque is the same as the 
force, and an unnecessary high force unnecessary high stresses on couplings and the driven 
application. Naturally, there are cases where this starting method works perfectly and in 










Figure 2.3: DOL motor start characteristics 
Disadvantages ofD-0-L method [19]: 
High inrush current (typically 6 times full load which can cause several problems). 
Necessities over sizing of installation 
Limit expansion 
Reduces service life of electrical components 
Excessive applied starting torque (typically 2.5 times full load) 
Increases wear on drive chain components 
Reduces service life of mechanical components 
2.4.2.2 Star - Delta 
This method requires both connections for each phase to be taken to the starter. Three 
contactors are used to first connect the motor in star and then to delta after a given time. 
Connecting the motor in star reduces the voltage applied to each winding to about 60% of 
the line voltage. This reduces the starting torque and current, typically 3.5 times full load 
current [19]. To reach the rated speed, a switch over to delta position is necessary, and this 
will very often result in high transmission and current peaks [20] . Its main advantages are 
that it is relatively simple and low cost. 
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The major problem in using this method is that the reduced voltage level is in a single 
stage and it is also fixed. In some cases, this voltage is not ideal, the torque it produces may 
be too small and the motor stalls or does not give complete acceleration. If the torque is too 
large, the motor still starts with a pronounced snatch [19). This starting method only works 
when the application is light loaded during the start. If the motor is heavily loaded, there 
will not be enough torque to accelerate the motor up to speed before switching over to delta 
position. Applications with load torque higher than 50% of the motor rated torque will not 
be able to start using the star-delta starter [20). 




Figure 2.4: Star-delta starter 
2.4.2.3 Auto transformer starter 
This method uses transformer action to reduce the voltage applied to the motor and 
current seen by the supply [19]. Auto transformers are generally equipped with taps at each 
phase in order to adapt the starting parameters to the application starting requirement. 
During starting, the motor is connected to the auto transformer taps. With the star and auto 
transfonner contactors closed, the motor is under reduced voltage. Consequently, the torque 
is reduced as the square of the applied voltage. When the motor reaches the 80 to 90% of the 
nominal speed, the star contactor opens. Then the line contactor closes and the auto 
transformer contactor opens. The motor is never disconnected from the power supply during 
starting and this eliminates transient phenomena [20). 
Nonnally, the voltage is applied to the motor in voltage steps through the transfonner 
with the taps being selected through contactors. Typical tappings are 50%, 70%, followed 
by full voltage being applied to the motor. The major disadvantages are size and cost and 
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Figure 2.5: Auto transformer starter 
2.4.2.4 Soft starter 
A soft starter has different characteristics to the other starting methods. It has 
thyristors in the main circuit, and the motor voltage is regulated with a printed circuit board. 
The soft starter makes use of the fact that when the motor voltage is low during start, the 
starting current and staring torque is also low. During the first part of the start, the voltage to 
the motor is so low that it is only able to adjust the play between the gear wheels or 
stretching driving belts or chains etc. This eliminates unnecessary jerks during the start. 
Gradually, the voltage and the torque increase so that the machinery starts to 
accelerate. One of the benefits with this starting method is that the possibility to adjust the 
torque to the exact need, whether the application is loaded or not. Another feature of the soft 
starter is the soft stop function which is very useful when stopping pumps where the 
problem is water hammering in the pipe system at direct stop as for direct-on-line starter. 
The soft stop function can also be used when stopping conveyor belts to prevent material 
from damage when the belts stop too quickly [20]. 
I i I 
_, ----· 
.___j 
Figure 2.6: Soft starter 
The advantages of soft starts are [23]: 
Reduced starting current, starting torque and mechanical stress. 
Lower inventory of spare mechanical parts and operating costs. 
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f i 
Increased production rates by reducing machine maintenance downtime. 
Prolonged life of electrical switchgear with lower inrush currents. 
Soft stops on pumping applications reduce piping system stresses and "hammer" 
effect. 








Figure 2.7: Motor current 
r 
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Figure 2.8: Torque 
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3.1 EDSA work flow 
CHAPTER3 
METHODOLOGY/ PROJECT WORK. 
Load analysis 
Equipment sizing calculation 
Report 
Figure 3 .I: EDSA work flow 
The load analysis will be done using excel spread sheet and the electrical power 
simulation will be done using EDSA software. 
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3.2 Short circuit comparison work flow 
Theoretical calculation on simplified diagram 
I Comparison study I 
Figure 3.2: Short circuit comparison work flow 
3.3 Motor starting study comparison work flow 
Theoretical calculation 
EDSA analysis on simplified diagram 
Comparison study 
Figure 3.3: Motor starting comparison work flow 
3.4 Producing Single line diagram 
In power engineering, a single-line diagram is a simplified notation for 
representing a three-phase power system. The single-line diagram has its largest 
application in power flow studies. Electrical elements such as circuit breakers, 
transformers, capacitors, bus bars, and conductors are shown by standardized 
schematic symbols. Instead of representing each of three phases with a separate line 
or terminal, only one conductor is represented [ 17]. The following are some of data 
and calculations involve in producing TBCP-A single line diagram. 
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1) Gas turbine generator (GT-7510, GT-7520, GT-7530) 
-ISO rating= 5750 kW, 7188 kVA 
-System voltage= 6600 V, 50 Hz 
- Power factor= 0.80 
Reactance (taken from vendor catalogue) 
- Subtransient reactance, X"d = 15% 
-Transient reactance, X'd= 22.3% 
-Synchronous reactance, Xd = 138.9% 
- X/R ratio = 42.7 
-Neutral earthing= resistance earthing 
2) Transformer (TF-7540, TF-7550, TF-7560, TF-7570) 
- Rating = 2500 k VA 
-Voltage= 6600 V/400 V 
Reactance and resistance (taken from vendor catalogue) 
- Reactance, X= 6.4% 
- Resistance, R = 0,8% 
- XIR ratio = 8 
3) Emergency diesel generator (GD-7700) 
-Rating= 1500 kW, 1875 kVA 
- System voltage= 400 V, 50 Hz 
- Power factor= 0.80 
- Subtransient reactance, X"d = 14.6% 
- Transient reactance, X'd= 22.3% 
- Synchronous reactance, Xd = 138.9% 
- XIR ratio= 42.7 
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4) Feeder 
- Library~ IEC- Data from COP ARI in Europe 
- Cable's power factor, number of phase, length, size and phase are taken from the voltage 
drop and cable sizing calculation. 
- Cable resistances and reactance are taken from vendor catalogue. 
5) Circuit breaker 
- The ampere rating for each circuit breaker is calculated using the following formula: 
r~r_ 
'-13 v 
- The circuit breaker rating will be chosen based on the nearest higher value available in the 
market. 
After all the components and its respected data had been inserted, error checking is 
done to every bus and load branches to make sure that the components and feeders are 
correctly connected. 
3.5 Short circuit analysis 
3.5.1 Case I: Three phase single transformer system 
In order to determine the fault current at any point in the system, we need to draw a 
single line diagram consisting all of the sources of short circuit current feeding into the fault 
and also the impedances of the circuit components. The following figure is the single line 
diagram that will be analyzed using three different methods namely; ohmic method, point to 
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Figure 3.4: 3 phase single transformer system" 
3.5.1.1 Ohmic method calculation procedure 
Step 1. Calculate the utility impedances using the following formulae: 
X utility n ~ l 000 CKV secondary)' 
S.C. KV A utility 
Step 2. Calculate the transformer impedances using the following formulae: 
Xtrans n ~ ( 10 )(%X)(KV secondary)' Rtrans n ~ Cl0)(%R)(KVsecondary) 2 
KVA trans KVA trans 
Step 3. X cable and bus n; R cable and bus n. 
Step 4. Total all X and all R in system to point of fault. 
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Step 5. Detennine impedance (in ohms) of the system by: 
ZT ~ -,I(RT) 2 + (XT) 2 
Step 6. Calculate short-circuit symmetrical RMS amperes at the point of fault. 
I S.C. sym RMS ~ E secondary line-line 
-,1 3 (ZT) 
Step 7. I sym motor contrib. ~ ( 4) X (I full load motor) 
Step 8 I total S.C. sym RMS ~(I S.C. sym RMS) +(I sym motor contrib.) 
Step 9. Detennine XIR ratio of the system to the point of fault. 
XIR ratio~ X total n 
R total n 
3.5.1.2 Basic Point-to-Point Calculation Procedure 
Step l. Detennine the transfonner full load amperes (F.L.A.) from either the nameplate, the 
following fonnulas : 
30 Transfonner IF.L.A ~ KV A x I 000 
EL-Lx 1.732 
10 Transfonner h.LA.~ KVA x I 000 
EL-L 
Step 2. Find the transfonner multiplier. 
Multiplier ~ 100 
*%Ztransfonner 
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Step 3. Determine by formula or Table I the transformer let-through short-circuit current. 
Is. c. ~ Transformer F.L.A. x Multiplier 
Step 4. Calculate the "f' factor. 
30 Faults f~ 1.732 XL X 130 
CxnxEL-L 
10 Line-to-Line (L-L) Faults 
CxnxEL-L 
10 Line-to-Neutral (L-N) Faults 
CxnxEL-N 
Where: 
L ~ length (feet) of conductor to the fault. 
C ~ constant from Table 4 of "C" values for conductors and Table 5 of "C" values for 
busway. 
n ~Number of conductors per phase (adjusts C value for parallel runs) 
I~ available short-circuit current in amperes at beginning of circuit. 
Step 5. Calculate "M" (multiplier) 
M~--"1-
l+f 
Step 6. Calculate the available short-circuit symmetrical RMS current at the point of fault. 
Add motor contribution, if applicable. 
I S.C· sym RMS ~ Is. c. X M 
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Step 6A. Motor short-circuit contribution, if significant, may be added at all fault 
locations throughout the system. A practical estimate of motor short-circuit contribution is 
to multiply the total motor current in amperes by 4. Values of 4 to 6 are commonly accepted 
3.5.2 Case 2: TBCP-A single line diagram 
For TBCP-A, the short circuit analysis is performed to the single line diagram using 
AC IEC 60909 standard. Three phase, half cycle symmetrical configuration will be chosen 
to calculate the short circuit current. Half cycle of the short circuit current component will 
give the maximum short circuit value. The short circuit ratings of equipment and cables, 
including the short circuit making and breaking capacity of circuit switching devices, shall 
be based on the parallel operation of all supplies [24]. 
3.6 Motor starting study using EDSA 
During starting of direct on line motors, the voltage at the motor terminal shall not 
deviate by more than + 10% or -20% from rated equipment voltage. Transient voltage 
deviations occurring at switchgear busbars during motor starting shall be maintain a 
minimum of 90% voltage on switchgear busbars and at least 80% but not more than 110% 
of rated equipment voltage on all consumers [24]. 
The voltage dip for motor starting shall be limited to (as per PTS 33.64.10.10.): 
At the GTG Terminal 10% 
At the Switchgear Bus 10% 
At the Motor Terminal 20% 
Soft starter starting method is chosen for starting of the largest motor. For Soft Starter 
method, the starting current is 2.5 times of the full load current in EDSA. Other motors in 
the 6.6kV System shall be by Direct-On-Line starting method with 5.5 times of the full load 
current. The voltage dip will be calculated using EDSA and also manually [12]. The result 
will then be compared in order to prove the reliability of both methods. 
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3.6.1 Method of calculation 
Step !.Calculate the total current during starting excluding the largest motor to be started 
I = Total KV A prior to start up oflargest motor 
...f3xV 
Step 2.Calculate voltage generated by EDG 
E= ...f(Vph cos()+ l*RG)2 + (Vph sin()+ l*XD)' 
Step 3.Calculate current & voltage dip during starting of largest motor -soft starter method 
i) Voltage dip at EDG terminal 
E'=(VGT cos()+ lT*RG)2 + (VGT sin()+ IT *XD)' 
%Vdip = V CL-Ll- VGT X 100 
V (L-L) 
ii) Voltage dip at switchgear bus terminal 
V dip in the cable= ...f3 x Is (Rc cos e + XC sin 9) 
Voltage at bus= VGT (L-L)- Vdip in the cable 
Voltage dip at bus= V CL-Ll- Vbus X 100 
V (L-L) 
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iii) Voltage dip at motor terminal 
V dip in the cable ~ V3 x IS (RC cos 6 + XC sin 6) 
Voltage at motor terminal "" Voltage at bus- V dip in the cable 




RESULTS AND DISCUSSION 
4.1 Single line diagram. 
Please refer to appendix E for TBCP-A single line diagram. 
4.2 Load analysis 
Electrical load list is prepared and shall form the basis for provision of the necessary 
electrical supply and distribution system capacity. The preparation of an electrical load list 
involved the followings: 
Calculating the magnitude of each load 
Determining the characteristics, load factor and diversity loads. 
Compiling the loads to obtain the total power required on the platform. 
Note: Please refer to appendix A for the electrical load list. 
4.3 Configuration of equipment 
4.3.1 Confq:uration of Gas Turbine Generator 
TBCP-A platform comprises of 3 x 575 MW gas turbine driven 6.6 kV, 50 Hz, 3 
phase generator. The gas turbines will be operated continuously and unattendedly. Two of 
the generators will operate with either fuel gas or diesel fuel incase of fuel gas disruption. 
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Generated electric power will then feed into 6.6 kV switchgear with bus-tie closed for main 
power distribution to the 6.6 kV loads. Other low voltage loads shall be powered via 
dedicated MCC. Standard form PTS 05.00.10.80 gives formulae for determining the total 
electric load as: 






Total Continuous Load 
Total Intermittent Load 
Total Standby Load 
125% Peak Load 
The spare capacity of 25% is a requirement to cater the future loads. Number of generating 
sets to be installed depends on: 
i. Maintenance requirement. 
ii. Economic size. 
iii. Unit reliability. 
iv. Availability. 
Calculation 
Generator configuration = 3 x 50% 
Peak load= 7481.40 kW, 3819 Kvar 
= "(7481.402 + 38192) 
=8400kVA 
Considering peak loads + heating medium heater, 
Total kV A = 8400 kV A + 4000 kV A 
= 12405.69 kVA. 
For this configuration, the load will be shared between 2 gas turbine generators. Each 
gas turbine generator must meet minimum site rating power of 6202.85 kVA. Therefore we 
choose 7500 kVA that is the rating available in the market. 
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4.3.2 Conf~guration of transformer. 
For 400 V loads, 6.6 kV supply is stepped down to 400 V at SB-771 0 & SB-7720 by 4 
distribution transfonner. (TF-7540, TF-7550, TF-7560, TF-7570). Two transfonners are 
identical in kV A rating for emergency reason. A TSL is used to automatically open & close 
tbe bus-tie breaker in tbe event of switch over from one transfonner to tbe other. Busducts 
are used for power connection to accommodate full load current. 
Calculation 
TRANSFORMER TF-7540 and TF-7550 
Total kVA for SB-7710 ~ 1380.37 kVA + 561.44 kVA 
1941.81 kVA 
Considering I 0% spare, for future load growth 
194\.81 X 1.1 
2135.99 kVA 
Therefore selected Transfonner size is 2500 kV A each. 
TRANSFORMER TF-7560 and TF-7570 
Total kV A for SB-7720 ~ 1,823.32 kVA + 179.D7 kVA 
Considering I 0% spare, for future load growth 
2002.39 X 1.1 
2202.629 kV A 
Therefore selected Transfonner size is 2500 kV A each. 
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4.3.3 Configuration of em£rgency diesel generator. 
Diesel generator used to start up one of dual fuelled gas turbine generator. Gas turbine 
generator will be transferred to fuel gas once stabilize and synchronized with emergency 
diesel generator. Load will be shared and transferred to gas turbine generator. Emergency 
diesel generator will shutdown and remain on standby mode for vital loads in case of power 
generator failure. 
Calculation 
TotalkVA 1376.6 kVA 
Considering 15% spare, for future load growth 
1376.6 VA x 1.15 
1583.09 kVA 
1875 kVA (round-up to the rating available in the market) 
Therefore selection of Emergency Diesel Generator (EDG) shall be based on size 1875 
kVA. 
4.4 Nominal high voltage selection. 
The selection of operating voltages is governed by PTS 33.64.10.10 Electrical 
Engineering Guidelines section 3.3.1. The selection basis of motor voltages and power 
ratings should conform to the following (as stated in the PTS 33.64.10.10): 
Table 4.1: Selection basis of motor voltages and power ratings 
Switchgear Nominal Maximum LV motor rating Minimum HV motor 
Voltages rating 
3.3 kV llOkW 132kW 
6.6 kV and higher 185kW 200kW 
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4.5 Power generation simulation. 
The design shall minimise the short circuit fault levels within the ratings of standard 
commercially available equipment as well as keep voltage dips during large motor starting 
within allowable limits to avoid affecting the operation of other loads supplied from the 
same power busbars. 
A short circuit study shall be performed to establish the short circuit fault levels on 
both the 6600 V and 400 V power systems to ensure that short circuit current withstand and 
power interrupting ratings of electrical equipment are correctly specified. Motor starting 
study is performed in accordance to the deviations in supply voltage and frequency as stated 
in PTS 33.64.10.10. 
4.5.1 Short circuit analysis 
4.5.1.1 Case 1: Simple single line diagram 
i) Ohmic method 
Fault at XI 
Calculate resistances and reactances 
i) Utility 
S.C MV A 100000, 480 V, 




1500 kVA, 480 V, 3phase, 
3.5% z, 3.45% x, 0.56 %R (refer to appendix F table 1.2) 
X= 10 (%X) ( kV sed= 10 (3.45) (0.48)' = 0.0053 
kVA 1500 
R = 10 (%R) (kV sec) 2 = 10 (0.56) (0.48)2 = 0.00086 
kVA 1500 
iii) Conductors in steel conduit 
25'- 500kcmil, 6 per phase (refer to appendix F table 5) 
X= 25' X 0.0379 = 0.000158 
1000 6 
R = 25' X 0.0244 = 0.000102 
1000 6 
iv) Fuse 
KRP- C- 2000SP (refer to appendix F table 3) 
X=0.00005 
Total resistance and reactance 
R = 0.00086 + 0.000102 = 0.000962 
X= 0.0000023 + 0.0053 + 0.000158 + 0.00005 = 0.00551 
Z total per phase = V (0.000962}' + (0.00551) = 0.00560 
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I S.C sym RMS ~ E sec line- line ~ 480 . ~ 49489 A 
..J3 (ZT) ..J3 (0.0056) 
I syrn motor contrib. ~ 4 xI full load~ 4 x 1804 ~ 7216 A 
I total S.C syrn RMS (fault XI)~ 49489 + 7216 ~ 56705 A 
Fault atX2 
Resistance and reactance up to point X I: 
R ~ 0.000962 X ~ 0.00551 
i) Fuse 
LPS - RK- 400SP (refer to appendix F table 3) 
x~o.oooo5 
ii) Feeder in steel conduit 
50'- 500kcmil (refer to appendix F table 5) 
X~ 50' X 0.0379 ~ 0.00189 
1000 
R 7 50' X 0.0244 ~ 0.00122 
1000 
Total resistance and reactance 
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R ~ 0.000962 + 0.00122 ~ 0.002182 
X~ 0.00551 + 0.00008 + 0.00189 ~ 0.00748 
Z total per phase~ ..J (0.00218)2 + (0.00748)2 
~0.007780 
I S.C sym RMS ~ E sec line- line~ 480 . ~ 35621 A 
..J3 (ZT) ..J3 (0.00778) 
I sym motor contrib. ~ 4 xI full load~ 4 x 1804 ~ 7216 A 
I total S.C sym RMS (fault X2) ~ 35621+ 7216 ~ 42837 A 
ii) Point to point method 
Fault at XI 
I full load~ KVA X 1000 ~ 1500 X 1000 ~ 1804 A 
E L-LX 1.732 480 X 1.732 
Multiplier~ 100 ~ 100 ~ 28.57 
%Z trans 3.5 
I S.C ~I full load X Multiplier~ 1804 X 28.57 ~ 51540 A 
f~ 1.732 x L xI ~ 1.732 X 25 X 51540 ~ 0.0349 (refer appendix F table 6 for value of C) 
CxnxEL·L 6X22185X480 
M~_1_ 1 ~ 0.9663 
1 + f 1 + 0.0349 
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I S.C sym RMS ~ 51540 X 0.9663 ~ 49803 A 
I sym motor contrib. ~ 4 xI full load~ 4 x 1804 ~ 7216 A 
I total S.C sym RMS (fault XI)~ 49803+ 7216 ~ 57019 A 
FaultatX2 
Use l s.c sym RMS at point X I to calculate "f' 
f~ 1.732 x L xI ~ 1.732 X 50 X 49803 ~ 0.4050 (refer appendix F table 6 for value of C) 
CxnxEL-L 22185 X480 
M~_l_ ~0.7117 
1 + f I + 0.4050 
I S.C sym RMS ~ 49803 X 0.7117 ~ 35445 A 
I sym motor contrib. ~ 4 xI full load~ 4 x 1804 ~ 7216 A 
I total S.C sym RMS (fault X2) ~ 35445+ 7216 ~ 42661 A 
Tabulated result for case I: 
Table 4.2 : Short circuit tabulated result 
Point Ohmic(A) PTP (A) EDSA(A) 
XI 56,705 57,019 52070 
X2 42,837 42,661 6192 
From the table, we can observe that all three methods of short circuit analysis give 
acceptable range of result. This verifies the reliability of each method. The suitable method 
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of calculation shall be chosen based on the power system complexity. For a simple single 
line diagram as in case I, it is practical enough to use manual calculation. However, for a 
more complicated power system, it is efficient and practical to use the computer software. 
EDSA software method is preferred because it is a proven tool in the demanding, real-world 
applications and in precise software testing based on long hand calculation. It also offers 
wide range of fault simulation such as 3 Phase, line-line, line-line-ground and line-ground. 
This software also offers flexible, fast and accurate solution techniques. It is easy-to-use and 
the results are at a glance as user selection, in report or annotation form. 
4.5.1.2 Case 2: TBCP-A single line diagram 
In this short circuit analysis, only worst case scenario is carried out which represents 
the highest fault level condition. This scenario happens in a very short time during the 
interchange of operation between two transformers for example during maintenance of 
transformer. By means, during this time the transformers will be in parallel operation, but 
only for a short time. Hence the busbar will be rated for both transformers connected in 
parallel. 
Worst case scenario: 
3 turbine generators are running. 
Emergency Diesel Generator is not running. 
All four transformer and tie breakers are closed. 
Parameters for the various equipment used in the calculations (EDSA) are as follows: 
Alternator for Turbine Generators 
ISO Rating 
System Voltage 
Subtransient reactance X"d 
Transient reactance X'd 











Emergency Diesel Generator 
Site Rating 
System Voltage 
Subtransient reactance X"d 
Transient reactance X'd 
Syncronuos reactance Xd 
XIR ratio 
Neutral earthing 
Transformers (TF-7560 & TF-7570 
Rating 
Voltage 
% Reactance X 
% Resistance R 
XIR ratio 
Transformers {TF-7540 & TF-7550) 
Rating 
Voltage 
% Reactance X 
% Resistance R 
X/R ratio 
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1500 kW (1875 kVA at 0.8 p.f) 
















Summary ofEDSA calculation 3phase fault current level is as follows: 
Table 4.3: Summary ofEDSA calculation 3phase fault current level 
Bus ID ~olt (kV) Current (kA) 
A-2500A 
"·6 14.65 
A-2500B ~.6 14.65 
P-6940A ~.6 14.92 
GT-7510 ~.4 16.67 
GT-7520 ~.4 16.65 
GT-7530 r.4 16.53 
MCC-7810 r.4 10.68 
MCC-7820 r.4 33.61 
MCC-7830 ~.4 72.53 
MCC-7840 0.4 25.96 
P-2510A ~.6 17.8 
P-6910A 
"·6 15.33 
SB-7710BUSB 0.4 79.13 
SB-7710 BUS AlP ~.4 79.1 
SB-7720 BUS A ~.4 9.66 
SB-7720 BUS B r.4 79.61 
SG-7500 BUS A ~.6 16.78 
SG-7500 BUS B ~.6 16.77 
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The result of short circuit current obtained by EDSA based on the worst case scenario 
will then be compared to vendor's available equipment short circuit rating. For high voltage 
system, the available equipment short circuit ratings are 40 kA, 31.5 kA, 25 kA, and I 0 kA. 
As for the low voltage system, the available equipment short circuit ratings are I 00 kA, 80 
kA, 65 kA and 50 kA. 
The highest fault level at the HV bus, SG-7500 is 17 kA, which is within the short 
circuit rating of 25 kA, RMS symmetrical. The highest fault level at the LV 400 V 
switchboards for SB-7710 and SB-7720 are 79 kA and 80 kA respectively. These values are 
within the switchboards short circuit current rating of I 00 kA RMS, symmetrical. This 
condition happens when both transformer from respective LV systems are in parallel. The 
highest fault level at MCC level is 72.53 kA that is at MCC 7830. The busbar short circuit 
current rating for this MCC should be at 80 kA. 
Changes in short circuit current will take place when there is an equipment addition or 
deletion. More equipment especially motor will cause the short circuit current value to be 
higher. From the results obtained, the engineer can specify proper interrupting rating 
requirement based on vendor's data Also, using the information gathered, we can 
selectively coordinate the system and provide component protection. 
4.5.2 Motor starting study 
In this analysis, emergency scenario for TBCP-A platform will be considered. During 
this condition, only emergency diesel generator will be operating to cater for all vital loads 
on the respective bus bar. The scenario shall be described as follow: 
-Only Emergency Diesel Generator (EDG) is running to cater all vital loads on SB-7710 
Bus AlP. 
-Air compressor K-551 0 is to started. 
- Soft starter method is used. 
Manually calculation will be done to calculate value of voltage dip at EDG terminal, 
switchboard bus terminal and motor terminal voltages. The results will then be compared to 
results obtained using EDSA. The value of voltage dip calculated using both methods 
should be in the range ofPTS 33.64.10.10 requirement. 
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4.5.2.1 Manual calculation 
Calculate the total current during starting excluding the largest motor to be started 
Total KVA prior to start up oflargest motor~ 1217.98 + j698.64 
~ 1404.13 kVA 
Tan e ~ 698.64 ~ 0.5736 
1217.98 
e ~ 29.84 
I ~ Total KV A prior to start up of largest motor 
;/3 XV 
~ 1404.13 x 1000 ~ 2026.7 A 
;/3 X 400 
Calculate voltage generated by EDG 
Vph ~ 400 ~ 230.9 V 
;/3 
XD ~ 14.6% (from catalogue, refer appendix G) 
~ o.l46 x f400)' ~ 0.01 n 
1875 X 1000 
XIR~9 
RG ~ 14.6% ~ 1.62% 
9 
~ o.ol62 x <400)' ~ o.oo14 n 
1875 X 1000 
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E= -.J(Vph cos a+ l*RG)' + (Vph sin 9 + l*XD)2 
= -.J( 230.9 X 0.87 + 2026.7 X 0.0014)2 + (230.9 X 0.5 + 2026.7 X 0.01) 
=244.87V 
Calculate current & voltage dip during starting of largest motor -oSoft starter method 
Motor starting power fuctor cos a= 0.30 
Sin a= 0.9539 (general rule for LV motor) 
KVA of motor= 185 = 215 kVA 
0.86 
KVAR of motor during starting= 3 x 215 x 0.9539 = 615 kVAR 
KW of motor during starting= 3 x 215 x 0.30 = 194 kW 
Total KVA during starting as seen by generator= 1217.98 + j698.64 + 194 + j615 
= 1411.98 + jl313.64 
= 1928.6 
Tan a= 1313.64 = 0.9304 
1411.98 
a = 42.93 
cos a =0.732 
sin a= 0.681 
IT= 1928 x 1000 = 2783.7 A 
-.J3 X 400 
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i) Voltage dip at EDG terminal 
E'=(VGT cos 8 + IT*RG)Z + (VGT sin 8 + lT *XD)Z 
244.872 = (VGT X 0.732 + 2783.7 X 0.0014)2 + (VGT x 0.681+ 2783.7 X 0.01)2 
VGT = 222.4 V 
VGT(L-L) = 222.4 x "3 = 385.2 V 
%Vdip= VCL-Ll-VGTx l00=400-384.5x 100=3.88% 
V (L-L) 400 
ii) Voltage dip at switchgear bus terminal 
Cable selected= 4 x (l C x 630)sq mm 
Estimated cable length = 50M 
No of cable runs = 4 
Resistance Rc = 0.04 x 50 = 0.5 x 10"-3 Q 
4x 1000 
Reactance Xc = 0.09 x 50 = 1.125 x 10"-3 0 
4 X 1000 
Vdip in the cable= "3 xIs (RC cos 8 +XC sin 8) 
= "J X 2783.7(0.5 X 10"-3 X 0.732+ 1.125 X 10"-3 X 0.681) 
= 5.46 v 
Voltage at bus= VGT (L-L)- Vdip in the cable 
= 384.5- 5.46 
= 379.04 v 
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Voltage dip at bus= V (L-Ll=: Vbus x 100 = 400-379.04 x 100 = 5.24% 
V (L-L) 400 
iii) Voltage dip at motor tenninal 
Cable selected = (3C x 240)sq mm 
Estimated cable length = 50M 
Resistance Rc = 0.0984 x__2Q____ = 4.92 x I Ql'-3 0 
1000 
Reactance Xc = 0.089 x 50 = 4.45 x 10"-3 0 
1000 
RC cos 8 +XC sin 8 = (4.92 X 10"-3 X 0.3 + 4.45 X 10"-3 X 0.9539) = 0.0057 
Im = ---'1-"'85"'-'x"--'-'10"'0'----_= 323.43 A 
"1/3 X 400 X 0.86 X 0.96 
Is= 3 x lm = 3 x 323.43A = 970.3 A 
V dip in the cable = "1/3 x IS (RC cos 8 + XC sin 8) = "1/3 x 970.3 x 0.0057 = 9.58 V 
Voltage at motor tenninal =Voltage at bus- V dip in the cable 
= 379.04-9.58 = 369.46 v 
Voltage dip at motortenninal = V (L-L}--- Vmotor x 100 = 400-369.49 x 100 = 7.64% 
V (L-L) 400 
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Tabulated result for motor starting: 
Table 4.4: Motor starting study tabulated result 
Description EDSA manual 
Ki the EDG Terminal(%) 3.43 3.88 
W the Switchgear Bus(%) 9.21 5.24 
W the Motor Terminal(%) 10.64 7.64 
Please refer to appendix E for EDSA result. Based on the tabulated result, it is 
observed that voltage dip at all the relevant buses was found to be within the specified 
limits. The value of the voltage dip at these generator terminals was verified with manual 
calculation, and the result is acceptable within the same order of range. Soft starter method 
is used for the largest motor to be started in order to obtain lower value of voltage dip. 
Recommendation for improving the accuracy of results is to undertake this motor study 




CONCLUSION AND RECOMMENDATION 
5.1 Conclusion 
In this project, I have conducted research on power system fundamental, design 
requirement, short circuit and motor starting studies in order to achieve better understanding 
on power system configuration and analysis. I have performed short circuit and motor 
starting calculation manually and made comparison with the results obtained in EDSA 
software. It was found that the results are within the acceptable limits. I have concluded that 
EDSA software is the most practical solution especially considering complicated power 
system design. The objective to familiarize with the flow and method used in preparing 
short circuit analysis and motor starting study of an offshore platform in the oil and gas 
industry is achieved. 
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5.2 Recommendation 
For future work, I would recommend verification of TBCP-A power system short 
circuit analysis using various manual calculation methods. Other than that, study on other 
scenario for both short circuit analysis and motor starting study should also be done. Other 
power system analysis such as power flow, harmonics analysis and transient stability study 
can be done in order to obtain further understanding on power system analysis. 
51 
REFERENCES 
[I] Mercede, Frank J, "How to perform short-circuit analysis". 
[2] Tan Yan Choon , ftrst edition , Design and Specification of Power Distribution and 
Protection Systems in Building, Amos Technologies PTE LTD. 
[3] Massimo Mitolo, Ph.D., Chu & Gassman Consulting Engineers, "Short-Circuit 
Calculation Methods". 
[4] Viv Cohen Circuit Breaker Industries, P.O. Box 88l,Johannesburg 2000, South 
Africa." induction motors- Protection and starting" 
[5] Mark McGranaghan, EPRI Solutions, and Fred Kinder, Dranetz-BMI,"Evaluating 
motor and transformer inrush currents". 




[9] http://www .edsa.com/short _circuit_ analysis.php 
[I 0] http://www.cpeinc.net/PDFs/Procedures _ SSCS.pdf 
[II] SHORT CIRCUIT STUDY (TBCP-A) 
52 
[12) MOTOR STARTING STUDY (TBCP-A) 
[13) ELECTRICAL DESIGN BASIS (TBCP-A) 
[14) http://www.geocities.com/angolano/OS _PLATFORMS_ DESIGN.html 
[ 15] http://esd.mit.edu/esd _reports/winter2006/offshore _wind _power.html 
[16] Lisa Lavie, Dave Bums, P .E., John Ventura, P .E." Electrical safety for an offshore 
power system". 
[17] http://en.wikipedia.org/wiki/One-line _diagram 
[ 18] Josph Nevelsteen and Humberto Aragon, Member, IEEE, "Starting of Large Motors-
Methods and Economics". 
[ 19] http://www .softstartdirect.com/whysoftstarts.aspx 
[20] Schneider Electric, Technical Bulletin, Vol 4 2006, "Different Motor Starting 
Methods". 
[21] http://en.wikipedia.org/wiki/Direct_ on _line _starter 
[22] http://www.eng-tips.com/faqs.cfm?fid=i064 
[23] http://www.la-engineering.com/MotorStarting.html 
[24] PTS 33.64.10.10 
53 
EQUIPMENT MOTOR LO<D FFJCIENC POWER kW~ND CONSUMED LOAD kVAt•kW" v ' 
' ' 
1n 
RATING/ FACTOR at load FACTOR 0 u 
' ' ABSOASEO LOAD =IVB l~~elorc llllolld I 
' 
p 
EOOIPMENT DESCRIPTION LO<O RATING JaclorC Continuous lnlllrmiUenl and SI!Uid·by p ' ' 0 REMARKS 
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TBCP-A FULL LOAD CASE (LV SWITCHBOARD L1JADS) 
CONTINUOS INTERMITTENT STAND-BY MAXIMUM 
l 
Loitilll$1 Analysls-NATCO Page 1 ol1 
PEAK PEAK (WITH 10% MARGIN) TRANSFORMER RECOMMENDED 
TBCP-A FULL LOAD CASE (LOAD SUMMARY)-C02 REMOVAL SYSTEM OPTION 1 
LOADS 
LOADS 
L~\~list Analysis-NATCO Page 1 of 1 
'· 
TBCP-A EMERGENCY LOAD CASE ( LOAD SUMMARY)-SCENARIO 2 
EQUIPMENT CONSUMED LOAD 
CONTINUOS INTERMITIENT STAND-BY MAXIMUM PEAK 
DESCRIPTION kW kVAr kW kVAr kW kVAr kW kVAr kVA kW kVAr kVA 
1 HVLOADS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 LV LOADS 1,127.24 649.98 96.67 25.79 796.53 515.52 1,156.24 657.72 1,330.22 1,235.9() 709.27 1,424.96 
(i) 
TOTAL LOADS 1 '127.24 649.98 96.67 25.79 796.53 515.52 1,156.24 657.72 1,330.22 1,235.90 709.27 1,424.96 
TOTAL LOADS ( 15% SPARE CAPACITY) 1,296.33 747.47_ 1lill 2~fj6_ L916.01. c..§il2.85 .J.329.68 756.37 1,529.75 1,421.28 815.66 1,638.70 
'Load list f-ralysis-Emergency Page 1 of 1 
'· . 
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APPENDIX 2 : CURRENT CARRYING CAPACITY OF XLPE CABLE 
F HjHn.;~·,:~ Y.L'PL { ';.;bk& Cll.rl'ellt Carrying C.apaciW 
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~ngineering/Leroy~Somer Generator Design Program 
:TED GENERATOR PERFO~CE VALUES 
PER UNIT PITCH 
VOLTAGE DIP AT RATED P.F, ~ 14.7% 
XI~ 25.4% FOR DIP CALCULATION. 
TRANSIENT TORQUES 
TORQUE MAX TORQUE 
IT ION P.o. FT-LBS 
S.C. 6.9 261389 
S.C. 9.0 342961 3 
1 
1 













3PEED: 1875.0 RPM FOR 1 MINUTE. MINIMUM 3 PHASE MOTORING POWER: 650.00 KW 
FULL LOAD NO LOAD 
a COEFF l4680KW/RAD 7730KW/RAD 
LACEMENT ANGLE: 2 7 , 3 DEGREES 
BY __________________________ _ 
1erga GK4Pl0.7*50*6.6K 1/20/2006 8:08:56 AM - Program Version 1.1.35 Page 7 
:ngineering/Leroy-Somer Generator Design Program 
ATA CAN BE TRANSFERRED TO CUSTOMER DATA SEEETS WHEN APPLICABLE 
TED GENERATOR PERFORMANCE VALUES 
7-5000 SOLID ROTOR 
I ltW< 1'1' TllljB 'l!IUSB 1'0LIIS 1m( 
D. 8 25. 0.8 40 80 4 1500 
SLOT II I ~~~ 
60 50 







R A 31.0 
~ 9.3 





OU'l' OF PH 
NCH W7INF BUS 
. OUT OF PR 
























5.361 00033SR1 00022 
NEUTRAL GROUNDING REl\CTOR (XR) IS REQUIRED TO LIMIT TEE L-N CURRENT 
3 PHASE WYE 
iiE 3-PH Fl\.ULT CURRENT, THEN THE PROPER VALUE OF REl\CTANCE IS 0.23 OHMS (XR) 
~COND CURRENT RATING -
ECOND CURRENT RATING = 
4143 AMPS 
1029 AMPS 
PROPRIETARY DA'l'A FOR ENGINEERING 
'l'ZCBNICAI. INJ!'Oma'l'ION 
nerga GK4P10.7*50*6.6K 1/20/2006 8:08:56 AM- Program Version 1.1.35 Page 8 
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Kato Engineering Generator Design Program 
THIS DATA CAN BE TRANSFERRED TO CUSTOMER DATA SKEETS WHEN APPLICABLE 
PREDICTED GENERATOR PERFORMANCE VALUES 
VENTING: DEV 





IF A NEUTRAL GROUNDING REACTOR (XR) IS REQUIRED TO LIMIT THE L-N CURRENT 
TO THE 3-PH FAULT CURRENT, THEN THE PROPER VALUE: OF REACTANCE IS 0. 00 OHMS (XR) 
10 SECOND CURRENT RATING ~ 
60 SECOND CURRENT RATING • 
21451 AMPS 
5461 AMPS 
PROPRIETARY DATA FOR ENGINEERING 
TECHNICAL INFORMATION 
henggg GH-9470 E203"74052 7/27/2007 12:26:22 PM- Program Version 1.1.38 
Kato Engineering Generator Design Program 
1 '110 •~s 
I P.Q. LlNE o.c. 
NO D 
SYNCHRONIZING COEFFICIE~ {kW/RAD) 2499.5 
henggg GH-9470 E203*74052 7/27/2007 12:26:22 FM- Program Version 1.1.38 
Kate Engineering Generator Design Program 
PREDICTED GENERATOR PERFORMANCE VALUE$ 
0.6667 PER UNIT PITCH 
NL-FL VOLTAGE DIP AT RATED P.F. ~ 10.4\ 
USED XID~ 16.6% FOR DIP CALCULATION. 
EFFICIENCY CALCULATED AT 95.0C 
@0.8P.F. lBFF 
OVZRSPEEO; 1675.0 RPM FOR 1 MINUTE. HINIMDM 3 PHASE MOTORING POWER; 150.00 ~ 
FOLL LOAD NO LOAD 
SYNCH COEFF 4ll0KW/RAD 2499KW/RAD 
DISPLACEMENT ANGLE: 22.5 DEGREES 
BY __________________________ _ 
henggg GH-9470 E203*74052 7/27/2007 12:26:22 PM - Program version 1.1.38 
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25.33 kA 37.55 kA 20.S3 kA ~) ACB-<"OA L7860 1819 kA Electrical One-Line Diagram 
EDSA 
3-Phase Short Circuit v5.50.00 












100.00 Cyc/Sec 50 
.ectrica1 One-Line 3-Phase to Single-Phase IEC project 


















Lults : at Al1 Buses or Mu1t-Buses 
ldard : 1988 Version 
~twork: 3 Phases 3 Wires system 
~fi.ned: by Standard 
'r to Generators 
dethod: B 
~ges Use System Vo1tage 
ages Adjusted by Tap/Turn Ratio 
EDSA 






SHORT CIRCUIT FINAL Check by 
1: CheckDate: 
100.00 eye/Sec 50 
------------------------------------------------------------------
lectrica1 One-Line 3-Phase to Sing1e-Phase IEC project 
-------------------------------------------------------
Resu1ts: 0.5 cyc1e--Symmetrical--3P, LL,LG,& LLG Fau1ts 
-------------------------------------------------------
Theveni.n Imped. Comp1ex 
Pre-F1t 3P F1t. LL F1t. LG F1t. LLG F1t 
---------------
kV KA KA KA KA Z+ (pu) zo (pu) 3P X/R 
·---------- ------- ------- ------- ------- ------- ------- -------
7 15 13 14 14 0. 60 0.66 2.37 
7 15 13 14 14 0.60 0.66 2.37 
0 34 30 35 36 4.22 4.13 1.20 
0 43 37 44 46 3.36 3.04 3.80 
7 17 14 16 16 0.52 0.58 21.43 
7 17 14 16 16 0.53 0.59 20.86 
7 17 14 16 16 0.53 0.59 18.34 
0 28 24 28 29 5.14 5.28 1.28 
0 5 5 5 6 26.35 26.63 0.22 
0 25 22 25 26 5.70 5.61 1.17 
0 38 33 25 36 3.84 9.98 2.66 
0 21 18 21 22 6.93 6.62 2.65 
0 23 20 23 24 6.27 6.18 1.15 
0 16 14 16 16 8.91 8.91 0.83 
0 17 15 17 17 8.45 8.44 0.84 
0 8 7 8 8 17.54 17.63 0.56 
0 11 9 11 11 13.51 13.7S 0.29 
0 34 29 34 35 4.29 4.20 1.23 
0 73 63 72 84 1. 99 2.41 6.34 
0 26 22 26 27 5.56 5.25 2.98 
0 36 32 37 38 3.96 3.81 1.54 
0 34 29 34 35 4.30 4.20 1.24 
0 24 21 24 24 6.09 6.05 0.97 
0 12 11 12 12 11.87 11.94 0.62 
0 18 15 18 18 8.11 8.51 0. 77 
0 17 14 16 17 8.62 9.08 0.75 
7 15 13 15 15 0.57 0. 63 3.06 
7 15 13 14 15 0.59 0.65 2.59 
,jp 0 79 69 86 89 1.82 1.46 8.82 
EDSA 
3-Phase Short Circuit v5.50.00 














lectrica1 One-Line 3-Phase to Sing1e-Phase IEC project 
Results: 0.5 Cycle--symmetrical--3P, LL,LG,& LLG Faults 
Thevenin Imped. 
Pre-Fl.t 3P Flt. LL Flt. LG Flt, LLG Fl.t 
---------------
kV KA KA KA KA Z+(J?U) Zo(pu) 
----------
------- ------- ------- ------- ------- ------- -------
0 79 69 86 89 1.82 1.46 
0 80 69 86 90 1.81 1.45 
0 80 69 86 90 1. 81 1.45 
7 17 15 16 17 0.52 0.5~ 
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·Line 3-Phase to Single-Phase IEC project 
Starting MOtor Info 
System Running Load Start LRA 





z_Load 6600 802.20 87.00 25.00 210.52 
Z Load 400 224.08 86.00 25.00 646.86 
Z_Load 6600 1017.72 87.00 25.00 512.14 
Power Source Internal Impedance 
me Type R (Ohm) X (Ohm) 
----------
-------- --------
Gen 0.0034 0.1460 
Bus Voltage Result 
Sy5tem v (PU) v (PU) VDip v (PU) 
una Type Volts Before Duri.ng • After 
----------- ------- -------- -------- --------
Gen 400 1.0000 0.9657 3.43 1. 0000 
None 6600 1.0000 1.0000 0.00 1. 0000 
None 6600 1. 0000 1.0000 0.00 1.0000 
None 6600 1.0000 1. 0000 0.00 1. 0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 400 1. 0000 1. 0000 0.00 1. 0000 
None 400 1. 0000 1. 0000 o.oo 1. 0000 
None 400 1.0000 1. 0000 o.oo 1. 0000 
None 400 1. 0000 1. 0000 0.00 1. 0000 
None 6600 1. 0000 1. 0000 0.00 1. 0000 
None 6600 1. 0000 1. 0000 0.00 1. 0000 
None 6600 1.0000 1.0000 0.00 1. 0000 
None 6600 1.0000 1. 0000 0.00 1. 0000 
None 6600 1. 0000 1. 0000 0.00 1. 0000 
None 6600 1. 0000 1. 0000 0.00 1. 0000 
None 400 1. 0000 1. 0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1. 0000 
None 400 0.9569 0.9084 5.06 0.9510 
None 400 0.9565 0. 9079 5.08 0.9507 
None 400 0. 9563 0.9076 5.08 0.9504 
None 400 0.9544 0. 9057 5.11 0.9486 
None 400 0.9489 0.8959 5.59 0.9431 
None 400 0.9422 0.8923 5.30 0.9366 
MF Start.Method 
------------
3.00 Full Voltage 
2.00 Full Voltage 
5.75 Full Voltage 
StartMethod 
------------
EDSA Advancea. MOt::or ;::;"t:ar"t:;r.ny r.1.u'::::I"-Q..W. v.,. ............... 
Page 2 
Date 02/25/2008 
Time 01:03:51 pm 
Company 
Engineer 
lOtor starting final Check by 
Date 
·Line 3-Phase to Single-Phase IEC project 
system v (PU) v (PU) VDip v (PU) 
"' 
Type Volts Before During % After startMethod 
·--------- ------- -------- -------- --------
------------
None 400 0.9565 0.9075 5.12 0.9506 
None 400 0.9488 0.8958 5.59 0.9430 
None 6600 1.0000 1. 0000 0.00 1.0000 
None 6600 1. 0000 1. 0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 400 1. 0000 1.0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 6600 1. 0000 1. 0000 0.00 1.0000 
None 6600 1.0000 1. 0000 0.00 1.0000 
None 400 1. 0000 1. 0000 0.00 1. 0000 
None 400 1. 0000 1. 0000 0.00 1.0000 
None 400 1.0000 1. 0000 o.oo 1.0000 
None 400 1. 0000 1.0000 0.00 1.0000 
None 6600 1. 0000 1. 0000 0.00 1.0000 
None 400 1. 0000 1.0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 400 0.9563 0. 9077 5.08 0.9505 
None 400 1. 0000 1.0000 0.00 1.0000 
None 400 0.9549 0.9062 5.10 0.9491 
None 400 1.0000 1.0000 0.00 1.0000 
None 400 1. 0000 1. 0000 0.00 1.0000 
None 400 1. 0000 1.0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 6600 1. 0000 1. 0000 0.00 1.0000 
None 6600 1. 0000 1. 0000 0.00 1.0000 
None 400 1. 0000 1. 0000 0.00 1.0000 
None 400 1. 0000 1. 0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 400 1. 0000 1. 0000 0.00 1.0000 
None 6600 1.0000 1. 0000 0.00 1.0000 
None 6600 1. 0000 1.0000 0.00 1.0000 
None 6600 1.0000 1.0000 0.00 1.0000 
None 6600 1. 0000 1.0000 0.00 1.0000 
None 6600 1. 0000 1. 0000 0.00 1.0000 
None 6600 1. 0000 1. 0000 0.00 1.0000 
None 6600 1.0000 1. 0000 0.00 1. 0000 
None 6600 1.0000 1.0000 0.00 1.0000 
None 400 1.0000 1.0000 0.00 1.0000 
None 400 1.0000 1.0000 0.00 1.0000 
None 400 1. 0000 1. 0000 o.oo 1.0000 
None 400 1. 0000 1. 0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
EDSA Advanced. Motor StartJ.ng .l:'rogram v-t.o~.u.uu 
Page 3 
Date 02/25/2008 
Time 01:03:51 pm 
Company 
Engineer 
no tor starting final Check by 
L - Date 
-Line 3-Phase to Single-Phase IEC project 
System v (PU) v (PU) VDip v (PU) 
me Type Volts Before During % After startMethod 
----------
------- -------- -------- --------
------------
None 400 1.0000 1. 0000 0.00 1. 0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1. 0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
None 400 0.9417 0.8917 5.31 0.9360 
None 400 1.0000 1.0000 o.oo 1. 0000 
None 400 1.0000 1. 0000 o.oo 1.0000 
Z_Load 6600 1.0000 1. 0000 0.00 1. 0000 Full.Voltage 
P_Load 6600 1.0000 1. 0000 0.00 1.0000 
P_Load 400 1.0000 1. 0000 0.00 1. 0000 
P_Load 400 1.0000 1.0000 o.oo 1.0000 
P Load 400 1.0000 1. 0000 0.00 1.0000 
P_Load 400 1.0000 1. 0000 0.00 1.0000 
P_Load 400 1.0000 1. 0000 0.00 1.0000 
P_Load 400 1.0000 1. 0000 0.00 1. 0000 
None 6600 1.0000 1. 0000 0.00 1. 0000 
None 6600 1. 0000 1.0000 0.00 1.0000 
None 6600 1.0000 1.0000 o.oo 1.0000 
Z_Load 400 0.9565 0.8936 6.58 0.9Yt7 Fu11Volt.~e 
P_Load 400 0.9415 0.8840 6.11 0.9364 
P_Load 400 0.9351 0.8&48 5.38 0.9295 
P Load 400 0.9358 0.9862 5.30 0.9301 
P Load 400 1.0000 1.0000 0.00 1.0000 
P_Load 400 1.0000 1.0000 0.00 1. 0000 
P Load 400 1.0000 1. 0000 0.00 1. 0000 
P_Load 400 1.oodo 1.0000 0.00 1. 0000 
P_Load 400 1.0000 1. 0000 0.00 1.0000 
None 400 0.9489 0.8958 5.59 0.9431 
None 400 0.9419 0.8920 5.30 0. 9363 
None 400 0.9546 0.9059 5.11 0.9488 
None 400 1.0000 1. 0000 0.00 1. 0000 
None 400 1.0000 1.0000 0.00 1. 0000 
None 400 1.0000 1. 0000 0.00 1. 0000 
None 400 1.0000 1.0000 0.00 1.0000 
None 400 1.0000 1. 0000 0.00 1.0000 
P_Load 400 1.0000 1.0000 o.oo 1. 0000 
P_Load 400 1.0000 1. 0000 0.00 1.0000 
Z_Load 6600 1.0000 1.0000 0.00 1.0000 Ful.lVoltage 
P_Load 6600 1.0000 1.0000 0.00 1.0000 
P_Load 6600 1.0000 1.0000 0.00 1. 0000 
'/P Nolle 400 0. 9565 0.9079 5.08 0.9507 
None 400 1.0000 1.0000 0.00 1. 0000 
' 
None 400 1.0000 1.0000 0.00 1.0000 
EDSA Advanced Motor Starting Program V4.Lu.uu 












-Line 3-Phase to Single-Phase IBC project 
System v (PU) v (PU) VDip v (PU) 
"" 
Type Volts Before Du.ting % After 
----------
------- -------- -------- --------
None 400 1. 0000 1. OOQO 0.00 1.0000 
None 6600 1.0000 1.0000 o.oo l. 0000 




lpedance and Reactance Data-Transformers and Switches 
1.1. Transformer Impedance Dala 







I ~ _. 
-I 0.5 1 2 5 10 20 50 100 200 500 1000 
Self-Cooled Transformer Rating In MVA 
.able has been reprinted from IEEE Sid 141~1986, IEEE Recommended 
ice for Electric Power Distribution for Industrial Plants, Copyright© 1986 
le Institute of Electrical and Electronics Engineers, Inc with the 
,ission of the IEEE Standards Department. 
e1.2. Data for Three Phase Transformen; 
1.?6C ~ ;;-1.720 1.31C .161 
1.100 :.a: 1.77 
0.8876 1.33 .60Q 1.5 
0.! 4145 .7000 1.5 




0.6317 3.4425 1.5000 5.< 
0.1 48 .44: 3, 5.70 
17 .454 3. JO 6.15 
_Q; ji_ .94• 5. 6.63 
.ji_ ~ ~- _§&:l 
e: UL L1sted transformers 25KVA and greater have a ±10% tolerance on 
r nameplate impedance. 
1le 1.3. Impedance Data lor Single Phase Transformen; 
Suggested Nonnal Range lm~dance Multipliers" 
XlR Ratio of Percent For Una-to-Neutral 
• for Impedance (%Z)* Faults C81cuiatlon foro/oX foo%R 
0 1.1 1.2--6.0 0.6 0.75 
5 1.4 1.2-6.5 0.6 0.75 
0 1.6 1.2-6.4 0.6 0.75 
0 1.8 1.2-6.6 0.6 0.75 
J.O 2.0 1.3-5.7 0.6 0.75 
7.0 2.5 1.4-6.1 1.0 0.75 
0.0 3.6 1.9-6.8 1.0 0.75 
3.0 4.7 2.4-6.0 1.0 0.75 
0.0 5.5 2.2-5.4 1.0 0.75 
rtlonal standards do not speclify %Z for single-phase transformers. Consult 
mufacturer for values to use ln calculation. 
1sed on rated current of the winding (one-half nameplate kVA divided by 
condary line·to-neutrat voltage). 
)te: UL Listed transformers 25 KVA and greater have a± 10% tolerance on 
air Impedance nameplate. 
1is table has been reprinted from tEEEStd 242-1986 (R1991), IEEE 
~commended Practice for Protection and Coordination of Industrial and 
)mmercial Power Systems, Copyright© 1986 by the Institute of Electrical 
1d Electronics Engineers, Inc. with the permission of the IEEE Standards 
apartment. 
25 
Table 1.4. Impedance Data lor Single Phase and Three Phase 
Transformen;-Supplementt 
Suggested KVA 
18 38 %Z XIR Ratto for Calculation 
10 1.2 1.1 
15 1.3 1.1 
75 1.11 1.5 
150 1.07 1.5 
225 1.12 1.5 
300 1.11 1.5 
333 1.9 4.7 
500 2.1 5.5 
tThese represent actual transformer nameplate ratings taken from field 
installations. 
Note: UL Listed transformers 25KVA and greater have a ±10% tolerance on 
their impedance nameplate. 
Table 2. Current Transformer Reactance Data 
Approximate Reactance of Current Transformen;• 
This table has been reprinted from IEEE Std 241-1990, IEEE Recommended 
Practice for Commercial Building Power Systems. Copyright© 1990 by the 
Institute of Bectrical and Electronics Engineers. Inc. with the permission of 
the IEEE Standards Department. · 
Table 3. Disconnecting Switch Reactance Data (Disconnecting-Switch Approximate Reactance Data, in Ohms•) 
1 Pole 
Note: The reactance of disconnecting switches for low-voltage circuits 
(600V and below) is in the order of magnitude of 0.00008 - 0.00005 
ohm/pole at 60 Hz for switches rated 400 - 4000 A, respectiVely. 
•For actual values, refer to manufacturers' data. 
This table has been reprinted from IEEE Std 241-1990, IEEE Recommended 
Practice for Commercial Building Power Systems, Copyright© 1990 by the 
Institute of Electrical and Electronics Engineers, Inc. with the permission of 
the IEEE Standards Department. 
1 Section 
lpedance & Reactance Data-circuit Breakers and Conductors 
1 4. Circuit Breaker Reactance Data 







1ue to the method of rating low-voltage power 
it breakers, the reactance of the circuit breaker 
h is to interrupt the fault is not included in 
ilating fault current 
\hove 600 amper.es the reactance of molded case 
it breakers are similar to those given in (a) 
ctual values, refer to manufacturers' data. 
table has been reprinted from IEEE Std 241-1990, 
Recommended Practice for Commercial Building 
1r Systems, copyright © 1990 by the Institute of 
trical and Electronics Engineers, Inc. with the 
ission of the IEEE Standards Department 
Note: Increased resistance of conductors in magnetic raceway is due to the effect of hysteresis 
losses. The increased resistance of conductors in metal non~magnetic raceway is due to the effect 
of eddy current losses. The effect is essentially equal for steel and aluminum raceway. Resistance 
values are acceptable for 600 volt, 5KV and 15 KV insulated Conductors. 
Size 
AWGor 
These are only representative figures. Reactance is affected by cable insulation type, shielding, 
conductor outside diameter, conductor spacing in 3 conductor cable, etc. In commercial buildings 
meduim voltage impedances normally do not affect the short circuit calculations significantly. 
This table has been reprinted from IEEE Std 241~1990, IEEE Recommended Practice for Commercial 
Building Power Systems, copyright© 1990 by the Institute of Electrical and Electronics Engineers, 
Inc. with the permission of the IEEE Standards Department. 
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1 Section 
;~~ Values for Conductors and Busway 
'6. " C" Values for Conductors and Busway 
" Three Single Conductors Three-Conductor Cable ~Co~n~du~lt~~~~~-----------------------~Co~n~du~lt~~~~~-----------------------
17 617 617 117 617 61> 61 617 617 617 617 61 
981 981 981 981 981 981 
557 1551 1557 1558 155 1558 1559 1559 i58 1559 
12843 1180 110 :Ill 13048 12360 13656 13333 2613 1441 14118 13461 
17' 151 110 17~i0 
----;,~-;.:;; c--~;;------;: 1531 14<147 16 1581 174 !17019 160" 
>lnum 
236 231 16 236 2: 36 23E 
375 371 '5 375 .75 37! 
~~--~~~---~-~~~~~=~~~~-==~~==~~~'~8==~1=~2~=~==~79==== 
~2 231 2350 2341 2333 2351 !347 339 2353 2341 23 
2948 2948 2941 1958 2958 2958 2948 )48 )58 2951 29 
3713 3669 362• )1 72 3713 372· 37 
4645 ~~ ~9 4 : 46~ ::i ~16 
te: These values are equal to one over the impedance per foot for 
Jedances in Table 7, Page 28. 
27 
'Section 
usway Impedance Data 




' Feeder Buswa 
0.0 
'·"' 
0.0041 .00 0.005 
.004· 0.00 0.00 
.oo: ).00 0.00 
I .002: 0.00 0.00 






















1ble B. Asymmetrical Factors 
1ort Circuit Short 
•wer Factor, Circuit 
!rcent* XIR Ratio 
Ratio to Symmetrical RMS Amperes 
Maximum 1 phase Maximum 1 phase 
Instantaneous RMS Amperes at 
Peak Amperes Mp 1/2 Cycle Mm 
(Asym.Factor)* 
Average 3 phase 
RMS Amperes at 
1/2 Cycle Ma* 
2.828 1. 732 1.394 
Selective Coordination (Blackout Prevention) 
Having determined the faults that must be 
interrupted, the next step is to specify Protective 
Devices that will provide a Selectively Coordinated 
System with proper Interrupting Ratings. 
1oo.oo 2.785 1.697 1.374 Such a system assures safety and reliability 
49.993 2.743 1.662 1.354 under all service conditions and prevents needless 
~~~~~33~24~:~~~~29~~;~:~~~;E~~~~f~:~~~~oE~~~3:~:~~~:E~~~ interruption of service on circuits other than the one 19.974 2.625 1.569 1.302 on which a fault occurs, 16.623 2.589 1.540 1.286 



















13.460 2.520 1.486 1·256 next Handbook, EDP II. 
11 066 2 487 1 461 1 242 
9.930 2.455 
9.0354 2.424 























I 1. '05 . 21 1.6! 1.5 
.0202 ~ 
I= 


























































i i n from 
Component Protection (Equipment Damage Prevention) 
Proper protection of electrical equipment 
requires that fault current levels be known. The 
characteristics and let-through values oi the 
overcurrent device must be known, and compared 
to the equipment withstand ratings. This topic of 
Component Protection is discussed in the third 
Handbook, EDP Ill. 
~EMA Publication AB-1, 1986, copyright 1986 by NEMA. 
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0.S68 ! U1 (.i.~j;:i _;""'! 
1Gi 0.3•i G. 49.~ 0.822 O.i05 0.36 :..:.~22 ll i2i !..!. 
~ .. .. _ ..... _.,.,. 
- ·-·- .-.-.!':~~ n ~ ~r: 0.4~ 
a; 70 0.342 I u.ooo I v .• ·~ I n ~·7 n A.i 1 0.095 U.4b 
~ 
"" 0.247 i 0.41 i i U.ii.KI . ;..;, "'""' 
I 0.32.5 0.09? 0.50 
ttl 
:;;;;.._, 








n i?R I 0.211 U.U1:11:1 v. •~v 
n ·~~ n nRI:l 0.€= "" 0.0932 l 0.162 o.o~o U.i;JV ........ : 0.084 ~~0 0.151 0.62 0.0798 0. -iSQ ~-~· :-?. G.G7~1 0.130 0.094 
!:0.032 0.70 
.'"~0!) 





.. ~ ! : :~ ,.-. •• 
. -· . 
n.n~~~ 
n n~:,n n R04 0.08~ I u. J•H v.va 
0.0417 D.Clt339 o.osq 
·j 0.144 v.;u 
__ _j_ 630 
• ! 11.~27 :.54 ::: i;:.-4 0.2-
U,\.JUL.> • .. 
n n' 0.!27 O."'lBS 0.26 U.4'd,:;; t...·.u.::...c 
"' _.,__,_A 0.822 -::i0 V,<i-.;;1"+ ·n 
0.106 '' ·-:;;c, 0.30 0.342 0.568 v .......... 0.568 
,..,. -I'"Jn O.i77 
0.35 





.. .. ... 
.. '" 
' .. 
... .. "0;; 
-
M< n 1no 0.166 0.36 u. 1"0 v ... ;;: .. v " ;:::_;__; -· ,_ . .__. 
0.!63 0.39 0.15~ U,,Q.j ..... ..,;;;-, 150 O.i59 iJ.i:::b5 u.106 
0.21 i 0.09? 0.4(. 
~ "' .----.1 .. G.HJ3 0.160 0.43 O.i28 165 [)_ i 2.5 \,).£.1 l 
.,,_._, ,, 
,:;:;. 
.. n~::e4 0.16! ! \.l~l_:.qq U.f.· 
.. . ... _ 
.. 
,... z~u v.v ....... 
n nno I n 
'"" 
O.fi? 0.079( U. I ;:tll u.uu,, "" 
;;uu U.Ui:;:;l ,;, : .... ,_, 
I D./50 0.58 o.os:~A 0.10;..> U.ULki .; .. ,..:: ..!.(}() 0.0632 0.102 0.093 I 0.147 C).BB -L;!.} 0.G51f.l U.OBO't G.G80 r o.:;u t.U.J-'il/ u.uu ........ 














.1\RMOL"RED .XLPE CABLE 
8?G 270 -·-
<on ~7!=> 360 
600 4-30 410 
n,..,, 
'"v '!EC• 
82U 0/U oou 
940 650 600 





2:S:. 1"15 ;_.;,; 
<n 1Rn 230 170 
70 i··· 225 290 210 
""' 
\ •vv 350 ?~n 
120 ;:s:.:::u 
"" 





300 5BO IG'J 5i!J 
400 B7C 860 f:i9Q 
,;::.,-, 
" "" 
630 B1(1 1H:iU 
BOO 1060 1330 
" Cooper wire screened, unannomeo 











\ nnn 255 
: ·~·:o:;: ~;.:i 
380 a4U 
'-
430 380 
4Bl5 430 
640 540 
730 BGO 
~-
940 
1070 
115 
:35 
1/0 ovv 
215 195 
2.20 :.•:•,:: 
330 300 
375 335 
_;,;;, 
. .,n•• 
4% 
570 435 
F.;;r, o.;.::.·. 
BGO 
